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CLIMATOLOGY OF NOCTILUCENT CLOUDS ACCORDING TO 
OBSERVATIONS PERFORMED DURING THE I G Y  

V, V. Sharonov 

ABSTRACT 

The paper con ta ins  t h e  d a t a  of n o c t i l u c e n t  
c louds d i s t r i b u t i o n  wi th  r e s p e c t  t o  d a t e s ,  l a t i t u d e s  
and long i tudes  f o r  t h e  I G Y  per iod.  These d a t a  are 
obtained by a l a r g e  network of  t h e  USSR Hydro- 
meteorological  Se rv ice  s t a t i o n s  s i t u a t e d  on t h e  
t e r r i t o r y  of t h e  USSR. 

A s  i s  known, n o c t i l u c e n t  clouds w e r e  discovered by V.  K .  Tseras- /143* 
s k i y  i n  MOSCOW, and independently by H e s s  i n  Germany i n  1885. However, 
i n  t h e  l a s t  70 yea r s  t h e i r  appearance has  no t  been r e g u l a r l y  recorded, 
and r e p o r t s  have been publ ished i n  t h e  l i t e r a t u r e  p r i m a r i l y  on observa- 
t i o n s  c a r r i e d  out  by i n d i v i d u a l s .  Frequent ly  obse rva t ions  w e l r e  c a r r i e d  
ou t  by chance wi th  o t h e r  r e s e a r c h e r s .  Due t o  t h i s  f a c t ,  d a t a  have been 
compiled slowly and are not  sys t ema t i c .  This  r e p r e s e n t s  one of t h e  
reasons why, up t o  t h e  p r e s e n t ,  w e  have not  known wi th  any c e r t a i n t y  what 
produces such a e r o s o l  c louds.  

When t h e  I G Y  program w a s  formulated,  n o c t i l u c e n t  c louds were f i r s t  
proposed f o r  r e g u l a r  obse rva t ions ,  and t h i s  proposal  w a s  adopted i n  
Resolut ion Number 24 of t h e  I1 Assembly by t h e  S p e c i a l  Committee on t h e  
1954 I G Y ,  which recommended " v i s u a l  obse rva t ions  of s p e c i a l  pehnomena 
such as n o c t i l u c e n t  clouds". 

Noct i lucent  c louds are s t u d i e d  from a c l i m a t o l o g i c a l  p o i n t  of v i e w  
i n  o rde r  t o  e s t a b l i s h  t h e  frequency wi th  which t h e s e  forms of atmospheric 
a e r o s o l  are formed as a f u n c t i o n  of t h e  geographical  p o s i t i o n  of t h e  ob- 
s e r v a t i o n a l  p o s t ,  t i m e ,  d i f f e r e n t  processes  i n  t h e  s t r a t o s p h e r e  and 
t roposphere,  c e r t a i n  cosmic f a c t o r s ,  and p a r t i c u l a r l y  (with r e s p e c t  t o  
t h e  MGSS problems) as a f u n c t i o n  of t h e  s o l a r  a c t i v i t y  phase. The main 
d i f f i c u l t y  encountered h e r e  l i e s  i n  t h e  f a c t  t h a t ,  i n  c o n t r a s t  t o  o t h e r  
geophysical  phenomena, n o c t i l u c e n t  c louds cannot b e  seen  e i t h e r  i n  t h e  
daytime, o r  a t  n i g h t .  They can be observed o p t i c a l l y  only a t  t w i l i g h t ,  
and then  only when t h e r e  are no clouds i n  t h e  low atmospheric levels .  
But even under t h e s e  c o n d i t i o n s ,  a n o c t i l u c e n t  cloud can only be de t ec t ed  
a t  d e f i n i t e  p o i n t s  on t h e  e a r t h ' s  s u r f a c e  having t h e  fol lowing c h a r a c t e r i s -  
tics (Figure 1). 

* Note: Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  o r i g i n a l  f o r e i g n  
t e x t .  



It can b e  assumed t h a t  t h e  mean a l t i t u d e  of t h e  atmospheric l a y e r  
i n  which n o c t i l u c e n t  c louds are formed i s  8 2  km. A t  such an  a l t i t u d e ,  
t h e  d i p  i n  t h e  v i s i b l e  horizon i s  approximately 9 " ,  whi le  t h e  range of 
t h e  v i s i b l e  ho r i zon  - along t h e  g r e a t  c i rc le  arc of t h e  e a r t h ' s  s u r f a c e  
from t h e  n a d i r  p o i n t  of t h e  cloud - is  more than  1,000 km. The cloud is  
thus  l o c a t e d  above t h e  ho r i zon  a t  a r eg ion  on t h e  e a r t h ' s  s u r f a c e  which 
is  def ined by a c i rc le  having a r a d i u s  of 1,000 km, w i th  t h e  c e n t e r  a t  
t h e  n a d i r  p o i n t  of t h e  cloud. This  determines t h e  cond i t ions  f o r  viewing 
t h e  cloud from t h e  geometric a s p e c t ,  and l e a d s  t o  t h e  f a c t  t h a t  one and 
t h e  same cloud can f r e q u e n t l y  be observed from s e v e r a l  s t a t i o n s  which 
are no t  too f a r  removed. 

From t h e  astronomical  viewpoint ,  t h e  cond i t ions  under which t h e  
cloud can b e  viewed b o i l  down t o  t h e  f a c t  t h a t  i t  must b e  i l l umina ted  
by t h e  sun. A s  can r e a d i l y  be seen ,  t h i s  is  determined by t h e  f a c t  t h a t  
i t s  p r o j e c t i o n  on t h e  e a r t h ' s  s u r f a c e  ( n a d i r  p o i n t )  must be no more than 
1,000 km from t h e  t e rmina to r .  F i n a l l y ,  from t h e  photometric viewpoint ,  
t h e  cond i t ions  under which t h e  cloud can b e  observed can be reduced t o  /144 
t h e  f a c t  t h a t  i ts  b r i g h t n e s s  must s i g n i f i c a n t l y  exceed t h e  b r i g h t n e s s  
of t h e  sky background. This i s  completely impossible  during t h e  day, 
because t h e  b r i g h t n e s s  of t h e  cloud i s  approximately 5-10 t i m e s  less 
than  t h e  b r i g h t n e s s  of t h e  d i u r n a l  sky. But a t  t w i l i g h t  t h e  cond i t ions  
are d i f f e r e n t .  

Since t h e  s c a t t e r i n g  i n d i c a t r i x  f o r  cloud par t ic les  is  g r e a t l y  ex- 
tended ahead - i .e. ,  i n  t h e  d i r e c t i o n  of t h e  s o l a r  r a y s  - t h e  b r i g h t n e s s  
of t h e  cloud i s  g r e a t  enough f o r  s t a t i o n s  l o c a t e d  p r i m a r i l y  i n  t h a t  por- 
t i o n  of t h e  geometric v i s i b i l i t y  r eg ion  which extends from t h e  cloud 
n a d i r  i n  t h e  o p p o s i t e  d i r e c t i o n  of t h e  t e rmina to r .  A c e r t a i n  zone on 
t h e  e a r t h ' s  s u r f a c e  i s  l o c a t e d  a t  t h i s  p o i n t ,  from which t h e  cloud can 
be a c t u a l l y  observed. The dimensions of t h i s  zone are determined by t h e  
cloud d e n s i t y .  

With r e s p e c t  t o  t h e  i n v e s t i g a t i o n  c o n d i t i o n s ,  n o c t i l u c e n t  c louds 
have a g r e a t  d e a l  i n  common wi th  t h e  au ro ra  p o l a r i s  from a c l i m a t o l o g i c a l  
po in t  of view. The la t te r  are a l s o  v i s i b l e  from s t a t i o n s  loca t ed  a t  a 
g r e a t  d i s t a n c e  from t h e i r  n a d i r ;  i t  is  d i f f i c u l t  t o  make a q u a n t i t a t i v e  
de t e rmina t ion  of them, and they can be observed only i n  clear weather 
and only i n  a c e r t a i n  p o r t i o n  of t h e  day. But t h e  s i t u a t i o n  i s  somewhat 
s impler  f o r  t h e  a u r o r a  p o l a r i s ,  because from t h e  i l l u m i n a t i o n  s t andpo in t  
t h e  v i s i b i l i t y  cond i t ions  remain approximately s t a b l e  throughout t h e  
e n t i r e  n i g h t .  The t i m e  a t  which n o c t i l u c e n t  c louds are v i s i b l e  - t h e  
daytime - is c h a r a c t e r i z e d  by a cons t an t  and r a p i d  change i n  t h e  b r i g h t -  
nes s  of t h e  c e l e s t i a l  v a u l t .  It is  f o r  t h i s  reason t h a t  t h e  number of 
cases i n  which they  are v i s i b l e  changes g r e a t l y  wi th  t h e  depth D of t h e  
s o l a r  dep res s ion ,  r a p i d l y  inc reas ing  from ze ro  f o r  s m a l l  D up t o  a sha rp  
m a x i m u m  f o r  D = 10". 
as is shown i n  F igu re  2. 

Af t e r  t h i s ,  i t  r a p i d l y  dec reases  t o  zero when D = 18", 

It fo l lows  from t h e  information p resen ted  above t h a t  only a p o r t i o n  
of t h e  a c t u a l l y - e x i s t i n g  n o c t i l u c e n t  c louds w i l l  b e  recorded no matter 
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Figure 1 

Conditions f o r  Observing Noct i lucent  Clouds 

how t h e  o p t i c a l  obse rva t ions  are performed. 
tomary methods of s c i e n t i f i c  c l imatology cannot be app l i ed  t o  t h i s  material .  
The r e sea rche r  is  confronted with t h e  complex problem: how t o  r e c o n s t r u c t  
t h e  p i c t u r e  of t h e  a c t u a l  d i s t r i b u t i o n  of n o c t i l u c e n t  c louds i n  t i m e  and 
space  based on extremely incomplete and fragmatary d a t a .  

It i s  c l e a r  t h a t  t h e  cus- 1145 

The s i m p l e s t  method of processing t h e  o b s e r v a t i o d  material  s t a t i s -  
t i c a l l y  w i l l  be  t o  o b t a i n  t h e  frequency h wi th  which n o c t i l u c e n t  clouds 
can be observed f o r  a c e r t a i n  s t a t i o n  o r  groups of s t a t i o n s ,  which can be 
expressed by t h e  equat ion 

11 = t J T ,  

where t r e p r e s e n t s  t h e  per iod of t i m e  i n  which n o c t i l u c e n t  c louds are ac- 
t u a l l y  v i s i b l e ,  and T - t h e  per iod of t i m e  i n  which they  would b e  v i s i b l e  
i f  they e x i s t e d .  Under t h e  I G Y  program, w e  c a r r i e d  ou t  t h e  two s t u d i e s  
desc r ibed  below on ob ta in ing  and i n v e s t i g a t i n g  t h e  c h a r a c t e r i s t i c s  of h .  

W e  f i r s t  compiled a l l  t h e  cases  a v a i l a b l e  t o  us  i n  which n o c t i l u c e n t  
c louds w e r e  observed i n  our  country from 1885 t o  1956. Af t e r  s u i t a b l e  
c r i t i c a l  e v a l u a t i o n  and a f t e r  excluding erroneous,  d u p l i c a t e d ,  and question- 
a b l e  d a t a ,  w e  combined them i n  a c a t a l o g  - t h e  f i n a l  v e r s i o n  of which con- 
t a i n s  SO9 cases. This i s  a l a r g e  study, and L. F. Gromova la ter  processed 
t h e  d a t a  obtained.  The c a t a l o g  d a t a ,  divided according t o  10-day ca l enda r  
pe r iods  and l a t i t u d i n a l  zones,  p re sen t  a d i s t r i b u t i o n  of t h e  cases i n  
which n o c t i l u c e n t  c louds appeared both i n  t i m e  and i n  space.  W e  can thus  
d e s i g n a t e  t h e  obtained d i s t r i b u t i o n  as an  apparent  d i s t r i b u t i o n ,  because i t  

3 
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is  d i s t o r t e d  by d i f f e r e n t  selective sources  which are p a r t i c u l a r l y  re- 
l a t e d  t o  t h e  annual  and l a t i t u d i n a l  v a r i a t i o n s  i n  such f a c t o r s  as t h e  
d u r a t i o n  of t w i l i g h t  and t roposphere c loud iness .  

Figure 2 

Dependence of Number of Cases i n  Which Noct i lucent  Clouds 
are V i s i b l e  on Depth D of S o l a r  Depressions 

However, t h e  d u r a t i o n  of t w i l i g h t  can b e  r e a d i l y  determined by an 
astronomical  c a l c u l a t i o n ,  wh i l e  t h e  e f f e c t  produced by a c loud iness  
change f o r  a long pe r iod  of t i m e ,  such as 7 1  y e a r s ,  can be f a i r l y  re- 
l i a b l y  c a l c u l a t e d  on t h e  b a s i s  of d a t a  r ega rd ing  t h e  p r o b a b i l i t y  of 
an  ove rcas t  o r  clear sky which are p resen ted  i n  climate atlases. This 
makes i t  p o s s i b l e  t o  employ t h e  ca t a logue  d a t a  t o  o b t a i n  t h e  r e l a t i v e  
v a l u e s  of t h e  a c t u a l  frequency h ' ,  wh i l e  t h e  t i m e  t can b e  se t  propor- 
t i o n a l  t o  t h e  number of published cases i n  which n o c t i l u c e n t  c louds are 
observed. The t i m e  T r e p r e s e n t s  t h e  d u r a t i o n  of t w i l i g h t  m u l t i p l i e d  by 
t h e  p r o b a b i l i t y  of a clear sky. However, such a c a l c u l a t i o n  cannot 
exclude such an important f a c t o r  as t h e  d i f f e r e n c e  i n  t h e  amount and 
a c t i v i t y  of obse rve r s  a t  d i f f e r e n t  l o c a t i o n s  and a t  d i f f e r e n t  t i m e s .  

Data which do not have t h e  l a t te r  disadvantage can only b e  pro- 
vided by obse rva t ions  performed a t  a network of s t a t i o n s  spaced evenly 
throughout t h e  e n t i r e  country.  The f i r s t  a t t empt  t o  organize such 
obse rva t ions  w a s  made i n  t h e  USSR during t h e  IGY, when t h e  program of 
t h e  Hydrometeorological Se rv ice  s t a t i o n s  included t h e  recording of 
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cases i n  which n o c t i l u c e n t  c louds w e r e  observed. This comprised a I146  
second d i r e c t i o n  t o  b e  pursued i n  t h e  f i e l d  of c l i m a t o l o g i c a l  r e s e a r c h  
of n o c t i l u c e n t  c louds.  

Since t h e  g r e a t  number of obse rva t ions  c a r r i e d  ou t  i n  previous 
yea r s  by c e r t a i n  experienced observers  has shown t h a t  n o c t i l u c e n t  c louds 
are no t  observed a t  a l a t i t u d e  c l o s e  t o  4 0 ° ,  t h e  r e g u l a r  obse rva t ions  
included Hydrometeorological Se rv ice  (GMS) s t a t i o n s  which p a r t i c i p a t e d  
i n  t h e  I G Y  program and w e r e  l o c a t e d  t o  t h e  n o r t h  of t h e  42.5'N paral le l .  
There w e r e  220 such s t a t i o n s ,  and they covered t h e  country more o r  less 
uniformly. I n  accordance wi th  d a t a  from t h e  f i r s t  work s e c t i o n ,  obser- 
v a t i o n s  w e r e  performed from March 1 t o  October 31, i n  hours  of t h e  day 
corresponding t o  s o l a r  depression va lues  D from 6 t o  18'. The observa- 
t i o n s  w e r e  performed as fol lows:  t h e  observer  on duty examined t h e  
c e l e s t i a l  v a u l t  every 15 minutes ,  and used a special  j o u r n a l  t o  record 
t h e  t i m e ,  t h e  presence o r  absence of n o c t i l u c e n t  c louds ,  t h e  apparent 
b r i g h t n e s s  of t h e  l a t t e r  based on a v i s u a l ,  f i ve -po in t  scale,  and d a t a  
regarding t h e  c loud iness  of t h e  lower levels  ( t h i s  w i l l  be discussed 
below). 

The performance of such a p l a n  r equ i r ed  numerous and ex tens ive  
o r g a n i z a t i o n a l  procedures.  The Astronomical Observatory of Leningrad 
Un ive r s i ty  d i r e c t e d  t h e  program on n o c t i l u c e n t  c louds.  Observat ional  
d a t a  w e r e  s e n t  from t h e  s t a t i o n s  t o  t h e  obse rva to ry ,  and t h e  processing 
of a l l  t h e  material  w a s  concentrated t h e r e .  This  processing comprised 
s e v e r a l  consecut ive s t a g e s ,  t h e  most important of which w e r e  as fol lows:  
a prel iminary examination of t h e  information and correspondence wi th  t h e  
s t a t i o n s  with respect t o  any d e f e c t s  which w e r e  d iscovered;  compilat ion 
of a summary on forms prepared f o r  t r a n s m i t t a l  t o  t h e  M T s D ;  a s tudy of 
t h e  apparent d i s t r i b u t i o n  f o r  t h e  occurrence of n o c t i l u c e n t  c louds;  de- 
t e rmina t ion  of t h e  a c t u a l  frequency wi th  which t h e s e  phenomena appeared. 
I n  o rde r  t o  f u l f i l l  t h i s  work program, a s p e c i a l  group f o r  t h e  purpose 
of s tudying n o c t i l u c e n t  c louds,  d i r e c t e d  by T.  D. Bessonova (PaVlOVa), 
w a s  set up under t h e  Laboratory of P lane ta ry  Astronomy of t h e  Leningrad 
Un ive r s i ty  Astronomical Observatory. I n  a d d i t i o n ,  i n  o rde r  t o  perform 
methodical work and t o  v e r i f y  t h e  i n s t r u c t i o n s  by means of p r a c t i c a l  
obse rva t ions ,  a s t a t i o n  w a s  set up i n  t h e  town of Pe t rodvore t s  a t  t h e  
B io log ica l  I n s t i t u t e  of Leningrad Un ive r s i ty .  Methodical obse rva t ions  
of t h e  n o c t i l u c e n t  c louds w e r e  s k i l l f u l l y  performed h e r e  throughout t h e  
I G Y .  

The network of s t a t i o n s  encountered s i g n i f i c a n t  d i f f i c u l t i e s  i n  per- 
forming t h i s  new type  of obse rva t ions  which w e r e  new t o  them, because t h e  
m a j o r i t y  of them had no experience i n  observing n o c t i l u c e n t  c louds,  and 
t h e  r e l a t i v e  infrequency wi th  which they appeared made i t  impossible  t o  
r a p i d l y  a c q u i r e  t h e  r e q u i s i t e  experience.  I n  1957, t h e  number of s t a t i o n s  
performing obse rva t ions  on n o c t i l u c e n t  c louds w a s  109; i n  1958 - 208; and 
i n  1959 - 213. 

When t h e  obse rva t ions  w e r e  i n i t i a t e d ,  many d i f f e r e n t  shortcomings 
w e r e  encountered, and even o u t r i g h t  e r r o r s .  These e r r o r s  included t h e  
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obse rve r s  mistaking o t h e r  formations f o r  n o c t i l u c e n t  c louds ( f o r  example, 
gaps between bands of c i r r u s )  and of real  n o c t i l u c e n t  c louds remaining 
u n i d e n t i f i e d  ( f o r  example, t hey  w e r e  assumed t o  b e  au ro ra  p o l a r i s ) .  It 
w a s  no t  u n t i l  1959 t h a t  t h e  proper experience had been accumulated, and 
t h e  obse rva t ions  w e r e  of t h e  r e q u i s i t e  q u a l i t y .  

The fol lowing two computational u n i t s  w e r e  employed i n  t h e  s ta t i s t i -  
ca l  processing of material r ece ived  from a s t a t i o n .  

1. The case of v i s i b i l i t y ,  r e p r e s e n t i n g  t h e  obse rva t iona l  per iod 
during which n o c t i l u c e n t  c louds were v i s i b l e  from t h e  s t a t i o n .  It can 
be r e a d i l y  seen  t h a t  t h e  sum N of such u n i t s  f o r  a c e r t a i n  i n t e r v a l  of 
t i m e  is  p r o p o r t i o n a l  i n  t h e  f i r s t  approximation t o  t h e  per iod of t i m e  
t during which n o c t i l u c e n t  c louds w e r e  observed from a given s t a t i o n .  

2. W e  s h a l l  u s e  n t o  d e s i g n a t e  t h e  n i g h t  during which n o c t i l u c e n t  
c louds w e r e  observed once o r  s e v e r a l  t i m e s  ( r e g a r d l e s s  of how long 
they e x i s t e d ) .  By d i v i d i n g  t h e  material w i th  respect t o  d a t e s ,  zones 
of geographical  l a t i t u d e ,  and i n t e r v a l s  of geographic long i tude ,  w e  can /147  
o b t a i n  t h e  d i s t r i b u t i o n  of t h e  numbers N and n wi th  respect t o  t h e  argu- 
ments of t i m e  and space.  But t h i s  d i s t r i b u t i o n  w i l l  only be apparent .  
The r e s u l t s  of t h i s  s tudy have a l r e a d y  been publ ished i n  s e v e r a l  r e p o r t s  
by T. D. Bessonova (Pavlova).  We would l i k e  t o  p o i n t  out  t h a t  t h e  t o t a l  
va lues  of t h e s e  sums over  a l l  t h r e e  o b s e r v a t i o n a l  y e a r s  w e r e :  n = 213, 
N = 2309. 

h’ 

March A p r i l  Yay June J u l y  August September October 

Figure 3 

Annual V a r i a t i o n  i n  Frequency of Noct i lucent  Cloud Occurrence 
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I n  o rde r  t o  be  a b l e  t o  change t o  t h e  a c t u a l  d i s t r i b u t i o n  - i . e . ,  
t o  t h e  d i s t r i b u t i o n  which w a s  as f r e e  as p o s s i b l e  from t h e  e f f e c t  of 
such f a c t o r s  as t h e  weather  cond i t ions  o r  t h e  d u r a t i o n  of t w i l i g h t  a t  
t h e  obse rva t iona l  p o i n t  - f o r  each obse rva t iona l  per iod  corresponding 
t o  t h e  t i m e  i n  which n o c t i l u c e n t  c louds might poss ib ly  be  observed, 
t h e  observers  had t o  r e p o r t  upon t h e  cond i t ion  of t h e  ce les t ia l  v a u l t  
i n  t h e  reg ion  of t h e  glow us ing  t h e  fol lowing a r b i t r a r y  scale: A - 
clear ;  B - i n d i v i d u a l  c louds  p re sen t  i n  t h e  upper l eve l ,  i n t e r s e c t e d  
by clear gaps;  C - c louds  p re sen t  i n  t h e  middle o r  lower level  w i t h  
gaps;  D - gaps i n  c louds  a t  t h e  middle and lower levels  covered w i t h  
c i r r u s ;  t h e  glow reg ion  completely covered w i t h  c louds  o r  fog. It 
w a s  apparent  t h a t  t h e  presence of p a r t i a l  c loudiness  i n  t h e  low levels  
does n o t  exclude t h e  p o s s i b i l i t y  of observing n o c t i l u c e n t  c louds.  How- 
ever, t h e  p r o b a b i l i t y  P t h a t  t h e s e  c louds  w i l l  be  a c t u a l l y  observed i s  
less than  i t  i s  f o r  clear weather.  

I f  w e  des igna te  t h e  number of cases ( cha rac t e r i zed  by t h e  power x )  
i n  which t h e  glow reg ion  i s  covered by s, and t h e  corresponding proba- 
b i l i t y  of observing t h e  n o c t i l u c e n t  c louds by Px, t hen  t h e  a c t u a l  v i s i -  
b i l i t y  frequency - which w a s  p rev ious ly  r ep resen ted  by formula (1) - can 
be  c a l c u l a t e d  by t h e  fo l lowing  formula i n  t h e  second approximation: 

For x = A ,  w e  can set  P = 1; f o r  x = E ,  w e  w i l l  appa ren t ly  have P = 0. 
For t h e  remaining degrees  on t h e  scale i t  i s  d i f f i c u l t  t o  determine P. 
However, our  d a t a  j u s t i f i e s  t h e  assumption t h a t  f o r  x = B ,  t h e  v a l u e  of 
P w i l l  be  q u i t e  c l o s e  t o  u n i t y .  Taking t h e  f a c t  i n t o  account t h a t  cases 
C and D are scarce, w e  c a l c u l a t e d  t h e  approximate va lues  of t h e  a c t u a l  
frequency h '  according t o  t h e  fol lowing formula: 

The t a b l e  below and Figure  3 show t h e  annual  v a r i a t i o n  i n  t h e  d i s -  
t r i b u t i o n  of n o c t i l u c e n t  c louds  expressed by numbers c a l c u l a t e d  f o r  
decades,without  making a s e p a r a t i o n  by l a t i t u d i n a l  zones. Only d a t a  
f o r  1958-1959 w e r e  employed, s i n c e  i n  1957 obse rva t ions  under t h e  I G Y  
program w e r e  on ly  i n i t i a t e d  on J u l y  1. W e  can  see t h a t  i n  March and 
A p r i l  t h e  frequency of n o c t i l u c e n t  cloud appearance remained a t  a low 
level .  I n  t h e  middle of May, a s t e e p  rise i n  h '  began, which l e d  t o  a 
sha rp  maximum i n  t h e  f i r s t  decade of J u l y ,  fol lowed by a sharp  drop ,  s o  
t h a t  i n  September and October,  t h e  frequency aga in  w a s  low. 

The d i s t r i b u t i o n  by l a t i t u d i n a l  zones i s  as fo l lows  ( s e e  a l s o  F igu re  
4 )  : 

L a t i t u d e  of Mean P a r a l l e l  i n  t h e  Zone, ON.. 40 45  50  55 60 65  7 0  
h '  ......................................... 0 87 100 414 394 204 32 

I n  t h e  40' zone, which w a s  n o t  encompassed by our  obse rva t ions ,  n o c t i l u c e n t  
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DISTRIBUTION OF FREQUENCY OF NOCTILUCENT CLOUD 
APPEARANCE BY DECADES BETWEEN 1958-1959 

Month 

March 

A p r i l  

June 

Decade 

I 
I1 
I11 

I 
I1 
I11 

I 
I1 
I11 

I 
II 
I11 

- 

~~ . .  

h '  

50 
80 
59 

86 
52 
65 

54 
118 

9 1  

258 
491 
524 

-~ - 

Month 

J u l y  

August 

September 

October 

Decade 

I 
I1 
I11 

I 
I1 

I11 

I 
I1 
I11 

I 
II 
I11 

The Mean f o r  8 Months . . . 

h '  

1500 
710 
442 

604 
363 

64 

93 
66 

125 

36 
18 
44 

256 
. .  

clouds w e r e  no t  once observed, a l though several r e s e a r c h e r s  i n  previous 
y e a r s  have p e r s i s t e n t l y  t r i e d  t o  d i scove r  them. 
w e  can set h '  = 0. 
l ead ing  t o  a maximum a t  l a t i t u d e s  of 55 and 60" (according t o  some d a t a  
h '  has t h e  l a r g e s t  v a l u e  f o r  55'; according t o  o t h e r  d a t a  - f o r  60") ,  and 
a sharp drop f o r  t h e  70" zone. 
v e r i f i c a t i o n .  

Therefore ,  f o r  t h i s  zone 
A sha rp  i n c r e a s e  i n  h '  is  obtained wi th  l a t i t u d e ,  

The c o r r e c t n e s s  of t h e  la t ter  f a c t  r e q u i r e s  

The l o n g i t u d i n a l  d i s t r i b u t i o n ,  expressed by numbers of t h e  co r re s -  /149 
ponding t i m e  zones combined by p a i r s , i s  as fo l lows  ( s e e  a l s o  Figure 5 ) ;  

T i m e  Zone ..... 11-111 IV-V VI-VI1 VIII-IX X-XI 
h '  ............. 332 342 177 198 166 

A monotonic, a l though s m a l l ,  dec rease  i n  h '  i s  obtained from w e s t  t o  east. 
This r e s u l t ,  de r ived  from t h e  f i r s t  a t t empt s  t o  make such a comparison, 
r e q u i r e s  f u r t h e r  v e r i f i c a t i o n  and refinement.  

In g e n e r a l ,  i t  is  no t  p o s s i b l e  t o  s tudy  t h e  annual v a r i a t i o n  i n  t h e  
frequency of n o c t i l u c e n t  cloud occurrence by means of o p t i c a l  obse rva t ion ,  
s i n c e  t h e  t i m e  i n  which t h e s e  clouds are v i s i b l e  is  l i m i t e d  by two s h o r t  
i n t e r v a l s  of morning and evening t w i l i g h t .  
done is  t o  compare t h e  number of t h e i r  occurrences i n  t h e  morning and t h e  
evening. 
sum f o r  t h e  morning pe r iods  during t h e  yea r  by Ny, and f o r  t h e  evening 
per iods by Nb, we  can r e a d i l y  c a l c u l a t e  t h e  r e l a t i o n s h i p  

The only th ing  which can be 

Employing t h e  numbers N d i r e c t l y  and des igna t ing  t h e i r  o v e r a l l  

a 



h' 

Figure 4 

L a t i t u d i n a l  V a r i a t i o n  i n  Frequency of 
Noct i lucent  Cloud Occurrence 

Q = N / N  
Y B  

W e  o b t a i n  

Year Q Year Q 
1957. . . . . .  1.53 1959. . . . . .  1.54 

1958. . . . . .  1.74 E n t i r e  Per iod.  . . .  1.63 
Throughout t h e  

The predominance of t h e  morning cases of v i s i b i l i t y  w i l l  b e  apparent ly  
r e t a i n e d  when t h e  material  i s  f u r t h e r  divided by months and l a t i t u d i n a l  
zones. 

I n  conclusion,  i t  i s  i n t e r e s t i n g  t o  compare t h e  r e s u l t s  der ived by 
T. D. Bessonova (Pavlova) from r e g u l a r  obse rva t ions  during 1957-1959 
wi th  those  obtained from non-systematic material from 1885-1956 (L. F. 
Gromova). The fol lowing is obtained based on t h e  main c h a r a c t e r i s t i c s  
(Roman numerals d e s i g n a t e  decades i n  a given month): 

Ear l ies t  Occurrence. . . . . . . . . . . . . . .  A p r i l ,  I1 March, I 
Latest Occurrence. . . . . . . . . . . . . . . .  O c t . ,  I O c t . ,  I11 
Maximum Number of Occurrences. . . . . . . . . .  J u l y ,  I J u l y ,  I 
Northernmost Observat ional  Po in t  . . . . . . . .  65.4" N 71.5" N 
Southernmost Observat ional  Po in t  . . . . . . . .  46.4" N 45.5" N 
L a t i t u d i n a l  Zone With Maximum Number 

of Occurrences . . . . . . . . . . . . . . . .  55" N 55' N 

1885-1956 1957-1959 
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Figure 5 
Change in Frequency of Noctilucent Cloud 
Occurrence With Geographic Longitude 

A s  we can see, in spite of the very diverse nature of the material 
and the diverse methods by which it was processed, the results coincide 
fairly closely. New data can only extend somewhat the time and latitudin- 
al intervals during which noctilucent clouds are observed. 
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